INTRODUCTION
Forested riparian ecosystems influence physical components of streams, including temperature dynamics, water quality, sediment regimes, foodweb resources, and instream habitat heterogeneity (Barton et al. 1985 , Gregory et al. 1991 , Davies and Nelson 1994 , Correll 1997 , Naiman and Decamps 1997 , Wallace et. al 1997 , Naiman et al. 2000 , Kiffney et al. 2003 , Pusey and Arthington 2003 . Because of these diverse functions, riparian forests can maintain high-quality instream habitats that are necessary for fishes with specialized habitat requirements (Barton et al. 1985 , Theurer et al. 1985 , Salo and Cundy 1987 , Marcus et al. 1990 , Jones et al. 1999 . Strips of undisturbed streamside vegetation (riparian buffers) lessen the impacts of land-use activities on aquatic ecosystems and fauna.
Recommendations for widths of riparian buffers range from <10 m to >90 m, and vary based on topography, stream type and size, and presence of fish (FEMAT 1993 , Wenger 1999 , Lee et al. 2004 ). These critical riparian areas for natural resource protection also tend to be valuable properties for economic and residential development. Thus, regulations governing the management of riparian buffer widths lie at a nexus between environmental, societal, and land development interests, and can yield especially contentious debates among stakeholders.
Such debates can benefit from assessments that quantify the effects of riparian buffer widths on ecological goods and services provided by aquatic ecosystems. Our research provides an example of such an assessment. In 2001, the State Legislature of Georgia, USA, reduced the minimum width of mandatory-forested riparian buffers along designated trout streams from ∼30 m (100 ft) to ∼15 m (50 ft). Two expected consequences of reducing the buffer width are elevated stream temperatures and increased delivery of fine sediment to streams (Barton and Taylor 1985 , Gregory et al. 1991 , Waters 1995 , Scott et al. 2002 , Pusey and Arthington 2003 . Both warm water and fine sediment can adversely affect the metabolism, growth, and reproductive success of cold-water fishes, including trout (Hausle and Coble 1976 , Crisp 2000 , Curry and MacNeill 2004 , Suttle et al. 2004 . Because of these anticipated changes and the economic value of the recreational trout fishery, we were asked by the State Legislature to quantify the responses of aquatic habitat and existing trout populations to the buffer width reduction and to determine whether 15-m wide buffers are adequate to protect trout populations.
We present our research as a specific assessment of the consequences of narrower forested riparian buffers for aquatic habitat and trout in north Georgia. More broadly, however, it serves as an example of how landscape-level ecological assessments can be derived from simple and easily interpreted conceptual models relating land use to ecosystem goods and services (Fig. 1) . We believe our approach makes the research results more accessible to governmental policy makers and regulators and, thus, better able to contribute to political discourse regarding natural resource management.
STUDY LANDSCAPE
The study landscape is located in the Blue Ridge physiographic province of northeastern Georgia, USA, and spans the terminus of the southern Appalachian Mountains and the Chattahoochee, Coosa, Savannah, and Tennessee river drainages ( Fig. 2A-B) . The Georgia Department of Natural Resources (DNR) designates the Georgia trout stream network and classifies streams as either "primary" trout streams where reproducing trout populations likely exist or "secondary" trout streams where trout are stocked for a put and take fishery but are not expected to reproduce or maintain viable populations. Georgia's trout streams are subject to water quality standards intended to support a recreational trout fishery (Georgia Environmental Protection Division 2004) . The dissolved oxygen standard for all trout streams requires at least 6.0 mg/L as a daily average and 5.0 mg/L for any instantaneous reading. Permitted discharges cannot exceed instream water temperature at the point of discharge for primary streams and more than ∼1.1°C (2°F) for secondary streams.
Across the landscape, average widths of existing riparian buffers range from <15 m to >30 m (Fig.  3A) . In most areas, riparian areas have been preferentially deforested relative to their nearly completely forested basins ( Fig. 3A-C ; see App. 1 for information on existing forest and thermal conditions across Georgia's trout stream network).
Under a closed forest canopy, streams flow swiftly over bedrock, cobble, and gravel streambeds. Our monitoring data show that the annual maximum of the 7-day average maximum daily temperatures (M7DAM temperature) ranges from 17.5-20.0°C among sites with undisturbed upstream riparian zones. Because summertime water temperatures under full canopies approach reported upper thermal limits for all three trout species found in Georgia (Table 1) , our study landscape is at the southern terminus of trout habitat in the eastern U.S. (Behnke 2002) .
Fig. 1.
Conceptual framework for quantifying the relationships between forested riparian buffers, aquatic habitat, and trout populations in north Georgia. Riparian buffers directly influence stream temperature and riffle embeddedness (or fine sediment accumulation in riffle habitats) and, thereby, indirectly influence trout populations.
METHODS

Conceptual Model Development
We believe scientific information is more apt to be absorbed by the political process if: 1) the research design is transparent so that the overall study design can be easily conveyed to nonscientists; and 2) the end results are expressed in metrics to which politicians and citizens can relate. Thus, we developed our conceptual model based on welldocumented relationships between riparian forests, aquatic habitat, and trout (Fig. 1 ). This conceptual "road map" makes the research design more apparent, and facilitates communication with nonscientific audiences. Quantifying expected population response (rather than just the magnitude of habitat change) was also important because citizens and politicians are far more likely to understand the implications of changes in trout populations than the implications of changes in habitat.
Trout Stream GIS Database
We developed a geographic information system (GIS) database of Georgia's trout stream network for site selection and landscape analyses ( nd order or larger, we delineated: 1) the entire upstream catchment draining to the segment; and 2) the adjacent area, or the area along the stream segment directly draining into that segment. For example, the adjacent areas for each of the seven streams segments are denoted by different colored areas. Fig. 2C ). The database contains stream order (a measure of position within the network where lower order streams are closer to the headwaters, Strahler 1952) for each of the 8000 trout stream segments based on 1:24 000 U.S. Geological Survey topographic maps. Additionally, for all 2 nd order or greater segments in the study landscape, we determined basin area, elevation (from a 1:24 000 digital elevation model) and percent forest cover (from 1998 Landsat imagery). Percent forest cover was determined for: 1) the riparian buffer (a 30-m riparian buffer for the entire stream network upstream of each segment); 2) the catchment of each stream segment (excluding the riparian buffer); and 3) the "adjacent area" of each segment (the land area draining directly to the stream segment) (Fig. 2C) . Only analyses presented in Fig. 3 and those described in App. 1 used data for the percent forest cover within adjacent areas. The remaining analyses used forest cover within the riparian zone or catchment, as defined above.
Photo interpretation of buffer width for each of the 8000 stream segments would have required thousands of hours and therefore was not feasible. Instead, we developed a relationship to predict average riparian buffer width from riparian forest cover, which can be measured automatically from Landsat data within a GIS. We selected 18 segments from areas where we had color infrared aerial photographs and measured the average forested riparian buffer width within a 30-m zone along the entire network upstream of each segment. We then related percent riparian forest cover and these measured buffer widths with a linear regression. Fig. 3 . Existing riparian and basin forest conditions across the trout stream network and by land ownership. A) Average forested riparian buffer widths were estimated for more than 8000 stream segments using Eq. 1 from this study. B) Percent forest cover in the adjacent basins (defined in Fig. 2C ) for 2 nd -to 5 th -order stream segments with basin areas between 5-50 km 2 . C) Forest cover in riparian buffers relative to adjacent basin areas for 2 nd -to 5 th -order stream segments with basin areas between 5-50 km 2 . Streams without dots have riparian and basin cover values <90%. Red riparian zones are less forested than adjacent basin areas. For more information on the analysis of existing forest and thermal conditions across Georgia's trout stream network in relation to land ownership, see App. 1. (1)
Although other studies have concluded that Landsat data is not adequate to determine local riparian buffer widths for short lengths of stream (e.g., Goetz et al. 2003) , analyzing more stream length rectifies this problem. Landsat-derived percent riparian cover was strongly correlated with average forested buffer width if both variables were measured across the entire stream network above any segment (Fig.  4) . With Eq. 1, we used Landsat data to estimate average riparian buffer widths for the entire trout stream network (Fig. 3A ).
Using the same data but with the independent and dependent variables reversed, the converse equation for calculating percent riparian forest cover values that approximate 30-and 15-m wide riparian buffers can be derived:
Equation 2 was used in the stream segment scale analysis and Monte Carlo uncertainty assessment, described below.
Site Selection
To investigate relationships between riparian forests, aquatic habitat, and trout at the stream segment scale, we identified a pool of potential sampling sites (n = 4019), which were: a) 2 nd order or greater; b) >1 km in length; and c) encompassed by catchments between 5 and 50 km 2 . We chose two groups of sampling sites from this pool. Our primary sites were selected to represent the range of http://www.ecologyandsociety.org/vol11/iss2/art15/ 
Georgia Environmental Protection Division
Used with hydrography layer to identify designated trout streams landscape conditions for 3 rd order or larger primary trout streams and to maximize independence among landscape variables that may influence stream temperature. We selected these sites (n = 28) from a cluster analysis that separated all 3 rd order or larger stream segments into 15 groups, or "clusters" (Fig.  5) . Clusters represent stream segments with similar basin area, elevation, and riparian forest cover values. We selected one site from each cluster and then selected additional sites from each cluster in proportion to the number of streams in the cluster. Because of this selection process, the primary sites capture the range of basin area, elevation, and riparian forest cover conditions for 3 rd and greater order streams (Table 3 ) yet are also representative of conditions across the landscape. Additionally, this approach yielded a suite of study sites with no correlation among variables used in the cluster analysis (Fig. 6 ).
After year 2 of our study, data analyses revealed a statistical limitation in our primary data set; forest cover within the riparian buffer and catchment were strongly correlated (regression analysis, p < 0.0001, Fig. 7 ). Given this correlation, both riparian cover and catchment cover were plausible explanations for observed patterns in stream temperature. To determine which scale of forest cover was the more important driver, we identified and sampled supplemental sites (n = 17) in year 3. These sites cover similar landscape gradients as primary sites, but lack correlation between percent riparian and catchment forest cover values (regression analysis, p = 0.8, Table 4 , Fig. 7 ).
We conducted all analyses with the primary data set except for the analysis separating the influences of riparian vs. catchment forest cover on stream temperature, which was done with the supplemental data set.
Field Data Sets
We deployed Onset Corp. "HOBO" temperature data loggers to monitor stream temperatures at 30-min. intervals at primary sites (2001) (2002) (2003) and at supplemental sites (2003) . We calculated the annual Ecology and Society 11(2): 15 http://www.ecologyandsociety.org/vol11/iss2/art15/ Fig. 4 . Relationship between percent riparian forest cover (derived from Landsat imagery) and average forested riparian buffer widths (derived from interpretation of color infrared aerial photography) (r 2 = 0.83, n =18, p < 0.01).
M7DAM temperature for each site and used this value as a quantitative indicator of the peak thermal stress experienced by trout.
At primary sites, we sampled instream habitat and trout biomass according to the schedule shown in Table 3 and collected all measurements from a designated 50-m sampling reach. We measured riffle embeddedness (percentage of sediment particles in riffle habitats surrounded by fine sediments) using methods adapted from Gordon et al. (1992) . At each site, the same observer estimated percent riffle embeddedness at ten locations within three riffles using a clear bottom view box. Each of the 30 observations was assigned a class score based on four classes of increasing embeddedness (1 = 0-25%, 2 = 25-50%, 3 = 50-75%, and 4 = 75-100%). Summed class scores across each site yield riffle embeddedness index (REI) values for the site. Thus, the range of possible REI values is 30 to 120, with higher values indicative of higher embeddedness and lower quality habitat for trout. Local stream slope was determined over a 100-m reach of stream, centered on the 50-m sampling site. We measured depth and velocity at 50 points well distributed across the sampling reach to capture variation in these habitat conditions. Velocity was measured using a Marsh-McBirney (Frederick, Maryland) Flo-Mate 2000® flow meter.
Trout populations were sampled throughout the 50-m reach in a single pass with a backpack electric shocker, dip nets, and seine net. We only found introduced rainbow and brown trout; generally, native brook trout now occupy only streams smaller than our primary sampling sites. To minimize the confounding effects of stocking and fishing pressure on trout population size structure, we limited data analyses to naturalized rainbow and brown trout <150 mm in total length (henceforth referred to as "young trout"). These young trout are less affected by stocking and fishing because they are smaller than the size stocked in north Georgia and the legal harvestable length. Most importantly, young trout are indicative of successful trout reproduction. We analyzed both the occurrence and biomass of young trout. Biomass was derived from length-weight relationships for young rainbow and brown trout (Schneider et al. 2000, App. 2), summed for each site, and normalized by the sampled surface area of the stream.
Stream Segment Scale Data Analyses
We applied multiple linear regression techniques (α = 0.05) to quantify the relationships linking riparian forest cover, aquatic habitat, and trout (Fig. 1) . Prior to analyses, variables were tested for normality with the Shapiro-Wilk goodness of fit test. In all statistical analyses, biomass of young trout and basin area data were log 10 transformed, whereas percent riparian and catchment forest cover values were expressed as fractions between 0 and 1 and then arcsine square root transformed to improve data normality. All final variables for reported regressions were significant and independent of other variables. We conducted all statistical Fig. 7 . Percent riparian forest cover vs. percent catchment forest cover for the pool of 4019 potential sampling sites (see text). The primary data set (red dots) were 3 rd order or larger streams, and are representative of basin area, elevation, and riparian forest cover conditions across the trout stream network (Fig. 5) . The supplemental data set (yellow dots) were specifically chosen to have uncorrelated percent riparian and catchment forest cover values (p = 0.8).
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Regression parameter estimates for Eq. 3 were derived individually for the 3 years of data collection at primary sites to account for interannual climate variation.
To determine whether riparian or catchment forest cover drives stream temperature, we used the elevation regression parameter estimate from Eq. 3 to remove the effect of elevation from stream temperature data collected at supplemental sites. We then tested for significant correlations between these elevation-adjusted M7DAM temperatures and both riparian and catchment forest cover data using linear regression.
Reverse step-wise regression techniques were applied to determine Eqs. 4 and 5. Significant predictors of riffle embeddedness (Eq. 4) were identified from the pool of landscape and instream habitat variables (listed in Table 3 ) with the resulting equation being: (4) Ecology and Society 11(2): 15 http://www.ecologyandsociety.org/vol11/iss2/art15/ Table 5 . Parameter estimates for Eqs. 1-5, which quantify the relationships between average forested widths of riparian buffers, percent riparian forest cover, instream habitat, and young trout populations in north Georgia. All models and parameter estimates are significant at α = 0.05. The 95% confidence interval (C.I.) is calculated as Parameter Estimate ± 1.96 · S.E. (Sokal and Rohfl 1995 Percent catchment forest cover was not a significant predictor of REI when substituted for %RC in Eq. 4.
Reverse stepwise regression also identified the significant predictors of young trout biomass (Eq. 5) from the pool of aquatic habitat variables (Table  3) With these equations, we quantified the expected stream temperatures, fine sediment conditions within riffles habitats, and young trout biomass for 30-and 15-m riparian buffer widths.
Model Uncertainty Assessment
We conducted a Monte Carlo analysis to evaluate the uncertainty associated with young trout biomass responses predicted with Eqs. 2-5. By substituting, respectively, Eq. 2 for %RC in Eq. 3, and Eqs. 3 and 4 for M7DAMT and REI in Eq. 5, we created a single "master" equation to predict young trout biomass directly from landscape variables. We created 10 000 randomized parameter sets (described next) for the master equation and assessed the variation in resulting predictions.
The parameter sets were derived by drawing random values from a normal distribution centered on the regression-derived parameter value, with a standard deviation appropriate for the parameter's standard error, as reported by JMP statistical software. Equation 3 had parameter estimates for each sampling year; the parameters from 2001 were used in the Monte Carlo assessment because, of the 3 years sampled, 2001 air temperatures were most similar to long-term average air temperatures in north Georgia.
Regression intercepts were not randomized because they are fixed for any specific set of slope parameters (Sokal and Rohlf 1995) . Intercepts were calculated using: http://www.ecologyandsociety.org/vol11/iss2/art15/ Fig. 9 . Elevation-adjusted M7DAM temperatures related to percent riparian and catchment forest cover values. A significant relationship was detected between these stream temperatures and percent riparian forest cover (r 2 = 0.38; p = 0.01) but not percent catchment forest cover (p = 0.5).
(6)
Stream Network Scale Data Analysis
Across the stream network, we predicted stream temperatures expected for 30-and 15-m buffer widths for all 2 nd -5 th order trout stream segments using Eqs. 2 and 3 (2001 parameter estimates, Table  5 ). We could not similarly calculate the expected distribution of riffle embeddedness because we lacked measures of stream velocity across the stream network. To link stream network temperatures to trout populations, we identified three categories of trout thermal habitat quality from a logistic regression relating the probability of young trout presence to M7DAM temperatures (Fig.  8) . The three thermal habitat categories of high (<19.5°C), marginal (19.5-21.5°C), and low (>21.5°C) correspond with a >90%, 50%-90%, and <50% probability of young trout presence. Using predicted stream temperatures, we mapped out the distribution of these three habitat-quality classes. To provide additional context for governmental policy makers and regulators, we also assessed existing riparian and catchment forest conditions and thermal conditions across the stream network (Fig. 3 and App. 1).
RESULTS
Local Effects of Network Riparian Cover on Aquatic Habitat and Trout Populations
M7DAM temperatures from primary sites were consistently and negatively related to percent riparian forest cover and elevation across the three summers (Table 5) . Riparian forest cover-not catchment forest cover-was shown to be the significant driver of stream temperature (Fig. 9) . Table 6 . Expected stream temperature (M7DAMT), riffle embeddedness conditions (REI), and young trout biomass (YTB) associated with 30-vs. 15-m average riparian buffer widths along the stream network above a given stream segment. M7DAMT and YTB were calculated for cool, intermediate, and warm summers using the three sets of regression coefficients derived for Eq. 3 and across the elevation range where young trout were observed. REI values were calculated for the range of maximum reach velocities where young trout were observed. YTB was calculated with the average maximum reach depth for sites with young trout (0.68 m). Riffle embeddedness index values increased as percent riparian forest cover decreased (Table 5 ).
The biomass of young trout, indicative of reproductive success, had a negative correlation with M7DAM temperatures and riffle embeddedness index values (Table 5) , thus describing the mechanisms by which riparian forest cover influences trout populations.
Local Effects of 30-vs. 15-m Buffer Widths on Aquatic Habitat and Trout Populations
In stream segments where upstream riparian buffers are reduced from 30 m to 15 m, the forecasted ecological responses using Eqs. 2-5 are that: 1) M7DAM temperatures will rise by 1.6 to 2.3°C depending on interannual climate variation; 2) fine sediment in riffle habitats will increase by 4.2 points, or 25% of the observed inter-study-site range; and 3) biomass of young trout will be reduced by 81 to 88%, depending on stream elevation and interannual climate variation (Table 6 ).
The effects of statistical uncertainty associated with regression parameters had only a modest effect on the expected >80% reduction in young trout biomass (Fig. 10) . The expected median reduction in young trout biomass from the Monte Carlo analysis (based on 2001 data) was 87% with the 95% confidence interval ranging from 66% to 97%. The modal (or most likely) reduction in young trout biomass was 88%.
Stream Network Effects of 30-vs. 15-m Buffer Widths on Aquatic Habitat
Across the trout stream network, 63% of Georgia's 2 nd -5 th order trout stream segments are expected to maintain stream temperatures associated with high and marginal quality thermal habitat (a >50% chance of supporting young trout) if bordered by a 30-m wide riparian buffer (Table 7, Figs. 8, 11) . In contrast, with a 15-m wide riparian buffer, less than 9% of trout stream segments are expected to maintain the same thermal habitat qualities and these segments are isolated to the highest elevations of the landscape.
DISCUSSION
Consequences of the Reduction in Riparian Buffer Width for Aquatic Habitat and Selfsustaining Trout Populations
Relative to 30-m buffer widths, 15-m buffer widths have seemingly modest expected increases in stream temperature (1.6-2.3°C) and fine sediment in riffles (4.2 index points) ( Table 6 ). Changes of this magnitude, however, appear to degrade habitat sufficiently to preclude reproducing trout populations in most north Georgia streams because trout populations are especially sensitive to changes in temperature and sediment. Only ∼2.0°C separates streams likely and unlikely to support young trout (Fig. 8) . Likewise, a 4.2 point increase in riffle embeddedness is approximately 25% of the observed range in riffle embeddedness conditions and also the difference between average of riffle embeddedness index values at sites where young trout were observed (REI = 37.7) and where they were not (REI = 42.2).
The 95% confidence interval derived from the Monte Carlo assessment (Fig. 10) reveals a relatively high level of confidence in the regression predictions. Even under the best-case scenario, a 66% reduction in young trout biomass portends substantial declines in trout populations in any northern Georgia stream where vegetated riparian buffer widths are reduced to 15 m. Under the worstcase scenario (97% reduction), extirpation from most streams seems likely. Although other factors can influence the success of trout populations (e.g., flood regimes, water chemistry, inter-species competition, disease), this relatively narrow range of expected outcomes demonstrates that our analysis of stream temperature and sediment was adequate to produce robust results. From this, we do not conclude that other factors are unimportant. Rather, we conclude that changes in stream temperature and streambed sediment characteristics are two of the primary mechanisms of instream habitat degradation in north Georgia.
At the scale of the entire trout stream network, distributions of streams with temperatures apt to support trout reproduction are strikingly different among streams with 30-m and 15-m buffer widths (Table 7 , Fig. 11 ). These distributions illustrate that riparian forests are crucial in maintaining instream temperature conducive to trout populations in north Georgia. These maps do not represent forecasts as they do not incorporate scenarios for expected future riparian conditions. However, the maps demonstrate that few streams in north Georgia could maintain trout populations if bordered by forested riparian buffers 15 m or less in width.
Study Limitations
Our research was successful in determining the specific question posed to us by the Georgia Legislature: streams bordered by 15-m forested Table 7 . Expected percentages of stream segments supporting high, marginal, and low quality thermal habitat (defined in Fig. 8 ) for 30-vs. 15-m average forested riparian buffer widths. The distribution of these streams across the trout stream network is shown in Fig. 11 . Our analysis was not intended to determine whether 30-m buffer widths are sufficient to protect trout populations, and we did not attempt to estimate the buffer width that would be sufficient to sustain trout populations at a particular level over time. A science-based recommendation for minimum necessary buffer widths would require additional data on trout populations (e.g., field reconnaissance of spawning redds, seasonal sampling, recruitment success) and on the relationships between aquatic habitat and buffers wider than 30 m. Additionally, because this study characterized mean riparian buffer width, it does not address the effects of deforested gaps along riparian buffer corridors.
Separating the influence of catchment forest cover from riparian forest cover is difficult because land cover variables are commonly correlated (e.g., Richards and Host 1994 , Roth et al. 1996 , Stewart et al. 2001 , Scott et al. 2002 , Wang et al. 2003 . We overcame this statistical limitation by using the spatial database for the trout stream network to select sampling sites with uncorrelated forest cover values (Fig. 7) . Data from these sites show that riparian forest conditions-not catchment forest conditions-were the statistically significant driver of stream temperature at existing deforestation levels in north Georgia (Fig. 9 ). Yet, we cannot conclude that aquatic habitat quality is independent of land use outside the riparian zone because our study: 1) was not designed to test for wholecatchment effects; 2) did not address aspects of aquatic habitat known to be influenced by catchment conditions (e.g., flow regime, water chemistry, and catchment-scale sediment regimes); and 3) most importantly, focused on predominantly forested catchments (for additional discussion, see Jones 2004) . Studies in deforested catchments (e.g., intensive agricultural and urban systems) have shown that catchment-wide land-use alterations can overwhelm the capacity of riparian buffers to support high-quality instream habitats and associated biotic communities (Roth et al. 1996 , Wang et al. 2003 , Roy et al. 2005 . We can expect much greater levels of deforestation in north Georgia as human populations and urbanization increase substantially in the coming decades (Wear and Bolstad 1998 , U.S. Census Bureau 2000 , Gragson and Bolstad 2006 . Therefore, protecting north Georgia's aquatic habitats and cold-water aquatic assemblages may require catchment-scale land-use planning in addition to adequate riparian buffer widths.
Challenges of Conducting Ecological Assessments to Inform Legislative Decisions
As scientists in a rapidly changing world, we are sometimes asked to determine how regulatory and political decisions will influence ecosystems and their associated goods and services. Delivering quantitative ecological assessments that are relevant to the regulatory decision-making process requires a strategic research focus and analyses that yield findings accessible to the public and politicians. By targeting specific questions facing policy makers and presenting results in a form that non-scientists Ecology and Society 11(2): 15 http://www.ecologyandsociety.org/vol11/iss2/art15/ Fig. 11 . Distribution of streams by thermal habitat quality if upstream riparian buffer widths were: A) 30 m; or B) 15 m. Thermal habitat quality was classified from the logistic regression in Fig. 8 . This figure is not intended as a scenario; all streams across north Georgia are not expected to have uniform 15-m wide buffers simultaneously. It is intended to show the approximate distribution of individual stream segments apt to maintain the temperature conditions necessary for trout populations if bordered by a 30-m or 15-m wide riparian buffer.
